The paper presents an analysis of the minimum ignition temperature of dust layer and the minimum ignition temperatures of dust clouds. Tests have been performed for selected dusts: hop, lemon balm, nettle, senna fruit, valerian, buckwheat, barley, semolina, cornflakes, oatmeal, rice flakes, flour, malt, beech, dried carrot, corn starch and sunflower husk. Tests have been performed in accordance with EN 50281-2-1. Method A consists in determining the minimum temperature at which ignition occurs of dust and/or its decomposition on a hot plate at a constant temperature. The study is used to identify the threats from industrial equipment and construction, which while working have hot surfaces, on which can create a layer of combustible dust. Method B is used for determining the minimum ignition temperature of a dust cloud or other particulate solids. Method B is complementary to the method A. It is used in relation to industrial equipment, inside which dust may exist in the form of short-term cloud.
Introduction
Fires and dust explosions are one of the biggest threats in many industries where dust layers and/or clouds forms during technology processes, which are capable of ignition. Flammable dust can pose fire hazard after sedimentation on the heated surface from which it absorbs heat. Chemical Safety and Hazard Investigation Board (CSB in USA) identified at least 281 dust fires and explosions, that occurred in US industrial facilities from 1980 to 2005 [2] . In Japan in years from 1980 to 1995 has counted an at least 59 dust explosions and fires, while in UK in the years 1979 -1987 more than 300 [1] .
In real conditions, various types of electrical or mechanical devices can be such a surface, especially that they produce additional amount of heat during working hours and even more in case of a malfunction. Dust on the surfaces of mentioned devices makes the exchange of heat between the device and surrounding area very difficult and absorbs heat, which can result in a considerable increase of temperature inside the layer of dust.
This situations can occur in such industries as: food, wood, pharmaceutical, mining etc. In order to minimize the risk of fire/explosion, key parameters of the system based on physic-chemical characteristics of the dust should be specify from processes safety point of view.
Legally binding regulations on State Fire Service regarding safe usage of electrical devices state that the surface temperature of power electronics devices installed in conditions where flammable dust is present should not exceed the value of 2/3 of ignition temperature of dust clouds -air mixture, and must be at least 75 K lower than the value of ignition temperature of sediment dust (layer of 5 mm). Thanks to experimental tests, the dependence between flammability and values of ignition temperatures of heated surface can be determined and one can prevent and/or minimize the results of fires or explosions of dust.
Research method
To determine minimum ignition temperatures of dust layers and clouds a research method was applied, in conformity to the standard EN 50281-2-1:2002 (method A, B) [7] .
The method A (figure 1), has been applied to determine the minimum temperature at which the layer of dust (of specified thickness) located on a heated furnace plate undergo thermal decomposition and/or ignite. This method refers especially to industrial equipment with hot surfaces where dust create layers of different thickness which pose danger having contact with air. According to the procedure EN 50281-2-1:2002 (method A), the ignition of dust in the layer could be recognized when: a) glowing or flame combustion was observed ( figure 3 ) or, b) measured temperature of dust have reached 450 °C or, c) measured temperature of dust exceeded by 250 K the temperature of the furnace plate. In reference to point b) and c) the ignition of dust hasn't appeared if it could be indicated that oxidize reaction doesn't change into glowing or flame combustion process. To define minimum ignition temperature of a dust cloud, method B (figure 2), in which a furnace with fixed temperature and testing equipment connected to it, was applied. Method B is complementary to the method A. It is used in relation to industrial equipment, inside which dust may exist in the form of short-term cloud. This is a vertical pipe furnace, generally known in literature as the Godbert-Greenwald furnace. The silica tube placed inside the furnace is set up in a vertical position, and its lower end is open to the atmosphere. This pipe is heated to the desired temperature with the use of a device that controls furnace temperature. Below the pipe is a stainless steel mirror which allows visual monitoring of the furnace interior. Pursuant to the standard the dust should be sieved and the fraction should be 75 μm. If we want to present a hazard caused by dust within a given work environment, the dust sample should have a grading that is representative for the given technology. However, it should not contain grains larger than 1000 μm. In the tests we have conducted the sieve mesh size was 200 μm. Pursuant to EN 50281-2-1:2002 (method B) it is assumed that the dust cloud ignition would be taking place once the flame appears on furnace outlet. A delay of ignition is admissible in this case. A spark shower or single sparks flowing out of the furnace -do not cause ignition of the dust cloud. The minimum ignition temperature (MIT) is the lowest furnace temperature at which dust ignition is obtained, decreased by 20 K, if the procedure is followed. If no ignition takes place at furnace temperature of 1000 °C, this fact should be recorded in the protocol. 
Results
The measurements were carried out on seventeen various types of dust: hop, lemon balm, nettle, senna fruit, valerian, buckwheat, barley, semolina, cornflakes, oatmeal, rice flakes, flour, malt, beech, dried carrot, corn starch and sunflower husk. According to the European standard EN 50281-2-1:2002 the chosen dust were sieved to size of mesh -200 μm. The sample plots include temperature changes of the dust layer (5 and 12,5 mm) during the study with the last ignition and without, the dust of flour, malt and beech. Table 1 contains experimental data for the selected dusts. It shows the minimum ignition temperature of dust layer and the minimum ignition temperature of dust cloud. 
Discussion
Fire and explosion hazards posed by dusts may take place in all places where flammable dust occurs. In industrial conditions there are two basic conditions for dust -gas systems: dust suspended in a gas medium and dust settled on surfaces of various types of machines, equipment and industrial installations. An analysis of hazards generated by dust and air mixtures leads to the following conclusions: a dust layer creates first of all a fire hazard, while a dust cloud -an explosion hazard [4] . This is a basically a correct assumption, yet also a very simplified appraisal.
The flammability of chosen dusts, i.e. their ability to initiate a combustion reaction under impact of energy supplied from the outside, is the determinant factor for time in which a fire breaks out. Despite their destructive character, fires are phenomena which progress relatively slowly as compared to explosions. The pressure increase of combustion products and substrates in the vicinity of the fire is relatively low, and pressure of gas evolved in the fire becomes quickly balanced by atmospheric pressure. On the other hand, oxygen concentration is reduced, as oxygen is used up in the combustion process [3] . Dusts that form a settled coat may heat up spontaneously and subsequently be subject to self-ignition and/or pilot ignition from an electrical spark, or spontaneous ignition from heated up surfaces, e.g. of machines. The hazard of a fire breaking out in a dust layer at relatively low temperatures concerns mainly the phenomenon of smoldering, incandescing and/or ignition from a hot surface.
The process of particles raising from a layer of dust collected as a consequence of a technological process or from a source of dust release frequently creates an explosion hazard. Possibilities of dust and air mixture generation and values of temperatures created during technological processes constitute a basis for classification of building interiors to specific explosion hazard and classification of equipment [5] . The minimum ignition temperature of the dust cloud and dust layer determined in an experimental way is a determinant in the process of setting out requirements for values of temperatures on heated surfaces, which may not be exceeded for the given type of equipment or premise where flammable dusts are present. Regulations concerning safety rules for usage of electric power equipment installed in conditions where flammable dusts are present require that the surface temperature of those machines should not exceed 2/3 of the minimum ignition temperature of the dust cloud, and as regards dusts that create a layer -the temperature on surfaces of various types of equipment has to be at least lower by 75 K than the minimum temperature of the dust layer [6] .
According to the measurements carried out in the study it is shown that not only wooden dust (beech), but also food and pharmacological (medicinal herbs) dusts, pose a substantial fire and explosive hazard. Dusts of medicinal herbs, such as lemon balm, nettle or valerian, have the lowest Minimal Ignition Temperature (MIT) with a value of about 280 -290 °C. Another, very known group of dangerous dust are food dusts such as barley, semolina or oatmeal. This group, have higher MIT than medicinal herbs, so permissible temperature of horizontal surface may be greater. Comparing results one can say that ignition temperatures of medicinal herbs dust layers differ only slightly from each other, so in industries such as production of substrates of herbs or teas, despite the great variety of dust it is not difficult to assess the maximal temperature parameters for the appliance and machinery. The maximum temperature should not be higher than 215 °C for the 5 mm dust layer.
Analysing the minimal ignition temperature on hot plate, it should be note, that MIT depends on the thickness of the dust layer. Whenever this temperature was measured for the 12,5 mm layer, MIT was average lower by 20-30 °C than the temperature for 5 mm layer of dust. Another important factor is the time to ignition, which also depends on the thickness of the layer of dust. The thicker layer of dust reduces the MIT and also prolongs the time to ignition in a layer. For the tested wheat flour, MIT value in the layer of 5 mm is 420 °C with the time to the ignition 19 minutes (figure 4). While in the layer of 12,5 mm MIT goes down to 400 °C and the time to the ignition is becoming longer to 44 minutes (figure 5). In tests for dust malt, MIT for a layer of 5 mm is 290 °C and decreases to 280 °C with 12,5 mm thickness, and the time to ignition increases from 15 to 26 minutes ( figure 6 and 7) . For beech dust with increasing the thickness of layer, MIT decreased from 320 °C to 280 °C and the time lengthened from 3 to 15 minutes ( figure 8 and 9 ). Although the heating process lasted longer and the ignition appeared later. It is also important that the combustion of the thicker layer (larger amount of fuel) lasted longer.
Analysing minimal ignition temperature in the cloud, we can conclude that the lowest value for the tested dusts have the dusts of food products. Dust of buckwheat, barley, semolina and rice flakes, have the lowest MIT in the cloud with value near 450°C. The highest value of the MIT in the cloud, amounting to 580°C, is dried carrot.
Noteworthy are the results for the dust of sunflower husk. MIT in the layer have value only 290 °C and MIT in the cloud is 460 °C. The sunflower husk are used as fuel in green power plants and with their growing popularity and relatively low values of MIT may bring an increased risk of fire or explosion in this industry.
Conclusions
Analysis of minimum ignition temperatures of dust layer and minimum ignition temperatures of dust cloud the tested dusts indicates that the biggest fire/explosive threat occurs with the dust of sunflower husk and medicinal herbs. This is due to low bulk density and high heat of combustion. Sunflower husks are used as one of the materials for the production of pellets for heating. As an ecological substrate used in the production of heat and electricity, due to the low value of the minimum ignition temperature it provides extremely high fire and explosion hazard during pneumatic transport and loading in existing power plants. Herbs are used as a popular pharmacological product. Higher thickness of the dust layer causes a decrease of MIT and at the same time prolongs the time to ignition in a layer. Analysis of minimum ignition temperatures depending on the humidity does not indicate significant changes in these values, higher moisture content only delays the time to ignition.
